Abstract It is necessary to estimate heavy metal concentrations within soils for understanding heavy metal contaminations and for keeping the sustainable developments of ecosystems. This study, with the floodplain along Le'an River and its two branches in Jiangxi Province of China as a case study, aimed to explore the feasibility of estimating concentrations of heavy metal lead (Pb), copper (Cu) and zinc (Zn) within soils using laboratory-based hyperspectral data. Thirty soil samples were collected, and their hyperspectral data, soil organic matters and Pb, Cu and Zn concentrations were measured in the laboratory. The potential relations among hyperspectral data, soil organic matter and Pb, Cu and Zn concentrations were explored and further used to estimate Pb, Cu and Zn concentrations from hyperspectral data with soil organic matter as a bridge. The results showed that the ratio of the first-order derivatives of spectral absorbance at wavelengths 624 and 564 nm could explain 52% of the variation of soil organic matter; the soil organic matter could explain 59%, 51% and 50% of the variation of Pb, Cu and Zn concentrations with estimated standard errors of 1.41, 48.27 and 45.15
Introduction
Soil is an important resource for the survival of plants, animals and human races.
[1] With the social and economic developments, soil, however, is suffering from a series of problems, among which heavy metal contamination is especially outstanding for its [2] Heavy metals within soils could also be accumulated by plants and might be magnified within ecosystems because of their ability to be incorporated into food chains and their environmental persistence, [3] which might further impact the sustainable developments of ecosystems.
[4] Thus, it is necessary to estimate heavy metal concentrations for understanding the heavy metal contaminations within soils and for keeping the sustainable developments of ecosystems. Heavy metal concentrations within soils were traditionally estimated through soil sampling in field and sequent analyses in laboratory. [5, 6, 7] However, this method may be costly and time-consuming for intensive soil sampling in the field and analyses in laboratory. Moreover, such estimations can only provide limited information at certain locations and moments and could not describe the spatial and temporal dynamics of heavy metal concentrations over large areas. Remote sensing techniques have many advantages compared to traditional method, such as lower cost, faster data acquisition and better spatial and temporal continuities; thus, they have been employed to estimate the heavy metal concentrations within soils. For example, Clevers et al.
[6] used red-edge position of spectroscopic data to assess heavy metal contamination in river floodplains along the river Rhine in the Netherlands and concluded that spectral signatures with 1 to 3 nm spectral resolution might provide very fine spectral information for detecting metal-induced stress in river floodplains; Kemper and Sommer [8] estimated the heavy metal contamination in soils using reflectance spectroscopy in Spain and summarized that it was feasible to predict heavy metals in soils contaminated by mining residuals using the reflectance spectroscopy. Choe et al. [9] combined geochemistry, field spectroscopy and hyperspectral remote sensing to map heavy metal pollution in stream sediments in the Rodalquilar mining area, southeast Spain, and the results indicated the potential applicability of hyperspectral data in estimating heavy metal concentrations and the capacity of the image-derived spectral parameters to screen areas affected by heavy metals. Among most of these researches, the heavy metal concentrations were derived directly from the spectral measurements for the amounts of heavy metals that were large enough to be detected by spectroradiometer. In many cases, the low heavy metal concentrations, however, cannot influence the spectroscopic characterizations of soils and cannot be detected directly by spectroradiometer. Thus, it would be both meaningful and challenging to explore the possibility of assessing heavy metal concentrations in soils using fieldmeasured hyperspectral data combined with indirect strategies, which would complement the methods for estimating heavy metal concentrations in soils using field-measured hyperspectral data, airborne or spaceborne hyperspectral remote sensing images.
Soil organic matter (SOM) is one of the most important parameters influencing the spectral reflectance intensity and spectral feature of soil.
[10] Several studies explored the possibility of assessing soil organic matter using remote sensing techniques. For example, Kooistra et al. [11] reported that the hyperspectral data measured in the field and laboratory could explain 45% and 69% of the variation of soil organic matter. Melendez-Pastor et al. [12] applied hyperspectral data to assess soil properties (including soil organic matter) in semi-arid soils in a coastal zone of southeast Spain, and the results indicated the great potential of hyperspectral data in estimating soil organic matter. Kooistra et al. [13] applied visible-near-infrared spectroscopy to assess soil contamination in river floodplains in the Netherlands and concluded that, in floodplain soils, metal concentrations depended on the exchange capacity of the soil, which largely depends on the clay and soil organic matter content; therefore, these soil characteristics were directly correlated to metal concentrations in the soil. Although metals at low concentration levels did not have spectral features within the visible-near-infrared region, the metal concentrations could be predicted by the correlations between metal concentrations and soil organic matter content that can be estimated using remote sensing techniques. Thus, the method could be also applicable in other regions, but few researches were found to explore this possibility. This study, with the floodplain along the Le'an
